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Spatial proximity between two host plant species influences
oviposition and larval distribution in a leaf beetle
Pierluigi Ballabeni, Davide Conconi, Sophie Gateff and Martine Rahier
Everything else being equal, insect herbivores can be expected to oviposit on host
plants that provide the qualitatively and quantitatively best food for larvae. However,
the selection of a plant for oviposition may be influenced by such ecological factors
as natural enemies, host distribution, host patch size or host patch density. We
performed a field study to test whether spatial proximity between two host plant
species influences the oviposition patterns and larval distribution of the alpine leaf
beetle Oreina elongata. In the population studied, O. elongata oviposits and feeds on
two host plants, that belong to the same family (Asteraceae): Adenostyles alliariae
and Cirsium spinosissimum. The first species contains pyrrolizidine alkaloids that are
sequestered by the beetle as a chemical defence, whereas the second plant does not
contain any alkaloids but has hairy and spiny leaves that might give some mechanical
protection to beetle larvae.
During two consecutive summers, we quantified oviposition and larval distribution
on randomly chosen C. spinosissimum that grew spatially isolated from A. alliariae,
on C. spinosissimum that grew in leaf contact with A. alliariae and on A. alliariae that
grew in leaf contact with C. spinosissimum (isolated A. alliariae was not considered,
because it is rare in the study population). In both years, more eggs were laid on C.
spinosissimum than on A. alliariae and more on those C. spinosissimum that were
growing close to A. alliariae than on those growing isolated. Large numbers of larvae
moved from C. spinosissimum to A. alliariae during the season. Patch size did not
influence egg and larval numbers. Eggs survived better on C. spinosissimum than on
A. alliariae in the field. The data suggest that C. spinosissimum may provide eggs with
better protection against stormy weather. In a separate study of the same population,
we found that larval performance was better on A. alliariae than on C. spinosissimum.
Our present data suggest that O. elongata preferentially oviposits on plants of the
species that maximizes egg survival and that grow in close proximity to plants of the
species that provides better food and chemical defence.
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Trying to understand what drives the interactions be-
tween phytophagous insects and their host plants is a
crucial topic in ecology and evolution. A large fraction
of all existing species is composed by plants and insects
that eat them (Strong et al. 1984, Jaenike 1990). Spe-
cialist insects, feeding on one or few species of plants,
comprise the vast majority of phytophagous insects.
Finding suitable plants for oviposition is fundamental
to the life cycle of these specialized phytophagous in-
sects. Oviposition must occur on or near plants that
provide larvae with quantitatively and qualitatively
good food and:or protection against natural enemies or
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other environmental disturbances. Everything else be-
ing equal, natural selection should favour a positive
relationship between the plant chosen by an insect
female for oviposition and offspring performance on
that plant (Futuyma and Peterson 1985, Jaenike and
Holt 1991). However, although a number of studies
have confirmed this expectation, others have found
no correspondence between oviposition preference and
larval performance, both in comparisons between dif-
ferent host species or genotypes of the same species
(Wiklund 1975, Rausher 1979, Via 1986, Singer et al.
1988, Fritz and Noble 1989, Roininen and Tah-
vanainen 1989, Denno et al. 1990, Valledares and
Lawton 1991, Larsson and Strong 1992, Fox 1993,
Brody and Waser 1995, Larsson et al. 1995, Abra-
hamson and Weis 1997, Orians et al. 1997, Rank et
al. 1998).
In addition to host plant quality, other ecological
factors are likely to affect host selection by insects
within populations: natural enemies, host patch size
or density and mixing of host and non-host plants
within patches (Bernays and Chapman 1994). Some
insects oviposit on plants that provide their larvae
with some protection against natural enemies rather
than on those that allow faster larval growth (e.g.
Thompson 1988, Denno et al. 1990, Feder 1995). The
relative abundance and spatial distribution of host
species may also influence host selection (e.g. Thomp-
son 1978). Some insects preferentially choose larger
host patches (e.g. van der Meijden 1979, Bach 1984,
1986, Hanski 1994) while others prefer isolated host
plants or smaller patches (e.g. Jones 1977, Courtney
and Courtney 1982). Insect abundance in mixed
patches, composed by host and non-host plants, is
usually lower than in pure host plant patches (Bach
1984, 1986, Strong et al. 1984). Studies of insects that
oviposit on more than one plant species have typi-
cally found the existence of preference hierarchies of
hosts and differences in host rankings between popu-
lations (e.g. Wehling and Thompson 1997, Thomas
and Singer 1998).
The aim of this work is to link the spatial distribu-
tion of two host plants relative to each other to the
oviposition preference hierarchy and the larval distri-
bution within a leaf beetle population. We relate the
results to the larval performance data found for the
same leaf beetle population in a separate study (Bal-
labeni and Rahier 2000). We show that a host plant
species was preferred over a second one for oviposi-
tion in the field, but that the proximity of individuals
of the less preferred species strongly increased the
probability of finding eggs on the preferred species.
The leaf beetle Oreina elongata Suffrian
(Coleoptera: Chrysomelidae) uses two host plants
which belong to two different tribes (Senecioneae and
Cardueae) of the family Asteraceae: Adenostyles al-
liariae, which contains pyrrolizidine alkaloids (PAs),
and Cirsium spinosissimum, which does not. Adults
and larvae that feed on A. alliariae sequester plant
derived PAs and store them as chemical defences
(Dobler and Rowell-Rahier 1994, Dobler et al. 1996,
Pasteels et al. 1996). In contrast, adults and larvae
that feed on C. spinosissimum can rely only on small
amounts of self-synthesized cardenolides for chemical
defence. PAs appear to protect beetles more efficiently
than cardenolides, at least against generalist avian
predators (Rowell-Rahier et al. 1995). Furthermore,
the two plants have different morphologies: A. alliar-
iae leaves are large and smooth, whereas C. spinosis-
simum leaves are dentate, extremely spiny and hairy.
C. spinosissimum might therefore provide physical
protection to beetle eggs and larvae against natural
enemies or other kind of disturbances. Some O. elon-
gata populations live in habitats in which either only
A. alliariae or only C. spinosissimum or both plant
species are present (Dobler and Rowell-Rahier 1994).
Such geographic variation in the availability of host
plants with a very different chemistry are very likely
to cause the evolution of different adaptations in dif-
ferent O. elongata populations.
Previous work conducted on two natural popula-
tions of O. elongata, one from a site in which only A.
alliariae was present and the other from a site with
only C. spinosissimum, showed that larvae from both
populations had faster growth rates when reared on
C. spinosissimum than when reared on A. alliariae
(Dobler and Rowell-Rahier 1994). The opposite result
was later found with larvae of the population of the
present study, in which both host plants were present:
larvae fed on A. alliariae grew and developed faster
then larvae fed on C. spinosissimum and, furthermore,
had higher survival rates when fed a mixture of both
plants (Ballabeni and Rahier 2000).
We present here a field study on oviposition prefer-
ences and larval host use in a population of O. elon-
gata in which both host plants are present. Our
explicit goals were (1) to test whether oviposition and
larval distribution are influenced by host plant species
in the field and (2) to test whether the local distribu-
tion patterns of the two host plants, and more specifi-
cally the degree of proximity between them, affects
oviposition and larval distribution.
Methods
Study site
This study was conducted in the Western Alps, on
the pass of the Petit Saint-Bernard, which connects
the regions of Savoie, France, and Valle´e d’Aoste,
Italy. The O. elongata population occupies parts of
the French side of the pass area, which lies above the
tree line, at 2100 m above sea level. The pass is
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characterized by typical alpine meadows with some
wet areas in the shallow parts. A. alliariae and C.
spinosissimum grow in patches of various sizes. Two
kinds of plant patches are common, mixed ones con-
taining both plants and pure C. spinosissimum
patches. Pure A. alliariae patches are very rare. Adult
beetles mate on or close to the host plant patches at
the beginning of the summer, mostly between the end
of June and the first half of July. O. elongata does
not appear to be able to fly but walks to its hosts.
Some adults are able to move up to 10 m within a
day, walking across large host patches composed of
both plants (D. Conconi unpubl.). Adults rarely leave
a host patch. Preliminary mark-recapture data show
that, over a whole season, about 4% of recaptured
adult beetles (N\50) left the host patch in which
they were first captured and marked (D. Conconi un-
publ.). The leaf as well as the flower phenologies of
the two hosts are simultaneous. The vegetative parts
of the plants start growing towards the end of June
as soon the snow has melted. Flowers are present on
both plants between the end of July and the begin-
ning of September.
Oviposition and larval distribution
We investigated the distribution of eggs and larvae of
O. elongata on its two host plants over two field
seasons. At the beginning of the egg laying period of
early July 1996 we randomly chose 60 mixed vegeta-
tion patches containing both A. alliariae and C.
spinosissimum. Within each of these patches we
tagged one A. alliariae and one C. spinosissimum
plant that were in leaf contact with each other. On
the same day we randomly chose and tagged 60 C.
spinosissimum plants, each one belonging to a differ-
ent pure C. spinosissimum patch and growing at least
5 m away from the nearest A. alliariae individual.
The distance of 5 m as minimal measure for the two
plants to be considered isolated from each other was
chosen to ensure that the two plants belonged to two
clearly distinct patches, separated by a relatively wide
zone of non-host vegetation (grassland). Thus, we ob-
tained three groups of host plants on which the num-
ber of eggs and larvae of O. elongata were later
counted: A. alliariae, C. spinosissimum growing in
physical contact with A. alliariae and C. spinosissi-
mum growing isolated from A. alliariae. The fourth
logical group, A. alliariae isolated from C. spinosissi-
mum, could not be considered because only very few
A. alliariae plants grow far enough from C. spinosissi-
mum in our study site.
We counted O. elongata eggs and 1st instar larvae
on the tagged plants on 20 July, around the peak of
oviposition activity, and on 14 August 1996, when
oviposition activity was approaching its end. To con-
trol for differences in the relative plant species abun-
dance within mixed patches, we calculated, for each
patch, the proportion between the number of A. al-
liariae and the total patch size (i.e. A. alliariae plus
C. spinosissimum). To control for differences in patch
size between pure C. spinosissimum patches and mixed
ones, we measured the size of each patch to be used
as a covariate in the analysis. We measured patch
size as the total number of individual plants (A. al-
liariae plus C. spinosissimum) growing in each patch.
The same procedure was applied during the sum-
mer 1997, when counts were conducted on 22 July, 9,
15 and 27 August. We increased the number of
counts in 1997 compared to 1996 to obtain a more
precise picture of the temporal variation during the
season. In 1997 all larval instars were counted. Some,
but not all, of the plant patches studied in 1997 were
among the ones studied in 1996. Patch size and patch
host composition were not measured in 1997 because
in the previous year we found that they had no influ-
ence on egg and larval distributions (see Results).
Egg survival on the plants
Differential egg densities on the two host plants of O.
elongata may theoretically reflect differential egg mor-
tality or differences in developmental time rather than
differential oviposition by the beetle. To control for
these factors, we studied egg survival on A. alliariae
and C. spinosissimum in the summer 1997. It was not
our intent to try to infer the reasons for the disap-
pearance of eggs from the plants. To obtain eggs of
controlled age, we caged gravid females on randomly
chosen, non-colonized A. alliariae and C. spinosissi-
mum plants on the field site and allowed them to
oviposit for a known amount of time (see below).
Subsequently, we removed the females and the cages
and counted the viable eggs remaining on the plants
over each of the first 18 d after female removal. This
length of time revealed temporal changes in egg num-
bers that were essentially not influenced by larval
eclosion, since egg development in O. elongata takes
between 15 and 20 d in the laboratory, with tempera-
ture fluctuations that are within the natural ranges.
We used plants belonging to patches that were not
naturally colonized by O. elongata to avoid the possi-
bility that other, non-experimental, females would
oviposit on them. We selected the plants randomly to
avoid any spatial segregation between the two plant
species (Underwood 1997). In a first trial, we caged
three gravid female O. elongata on each of nine A.
alliariae and of 12 C. spinosissimum plants on 27 July
1997 and removed females and cages after 24 h. In a
repetition of this experiment, we caged three gravid
females on each of nine A. alliariae and of ten C.
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spinosissimum plants on 31 July and removed females
and cages after 48 h. We allowed a longer oviposition
time to the females of the second block because the
particularly cold weather we had on 1 August might
have reduced oviposition rates on that day.
Statistical analyses
We performed a first set of analyses to compare egg and
larval abundances between the three host types de-
scribed above. For this purpose we ran multivariate
repeated measures analyses of variance (MANOVA) in
which the host plant was the independent factor with
three levels (A. alliariae, C. spinosissimum in contact
with A. alliariae, isolated C. spinosissimum), the time
(repetition of counts over a season) was the repeated
measure, and egg or larval numbers were the dependent
variables. We preferred a multivariate approach rather
than a more powerful univariate analysis because the
results of repeated counts on one individual plant can-
not be considered independent from each other (von
Ende 1993). We had to analyse the data from each year
separately since the number of counts differed between
years. The inclusion of both years in a same multivariate
analysis would not be possible due to missing data (von
Ende 1993).
A second set of analyses of the 1996 data allowed us
to control for the effects of the relative abundance of
both hosts within each mixed patch, and of patch size.
We did not include these two variables as covariates in
the first set of analyses, because patch size was not
independent for A. alliariae and C. spinosissimum in
contact, and host species proportion was zero for all
isolated C. spinosissimum patches. Model assumptions
would have been violated (Underwood 1997). As stated
in the introduction, we were looking for differences
between the two host plants and between those C.
spinosissimum that grew close to A. alliariae and those
growing further apart. Thus, we included the two above-
mentioned variables as covariates into separate multi-
variate repeated measures analyses of covariance
(MANCOVA) comparing egg and larval numbers on A.
alliariae vs C. spinosissimum within mixed patches or C.
spinosissimum in contact vs isolated C. spinosissimum.
Finally, repeated measures MANOVAs were also
used to compare egg survival on A. alliariae vs C.
spinosissimum. Here, the host species was the indepen-
dent factor and the time (daily counts) was the repeated
measure. A significant statistical interaction between
host species and time would show different egg survivals
between the two hosts.
We transformed all egg and larval counts by square
root (x1) before each analysis, to meet the assump-
tion of homogeneity of variances (Sokal and Rohlf 1995,
Underwood 1997). Means are given9 their standard
errors.
Results
Oviposition and distribution of larvae
In 1996, the interaction between host plant and time
had a significant effect on egg abundance (Table 1a).
Eggs were more abundant on C. spinosissimum than on
A. alliariae and on those C. spinosissimum that grew in
contact with A. alliariae than on those that grew iso-
lated from the latter host (Fig. 1A). This pattern was
maintained during the whole experimental period (Fig.
1A). The host-time interaction was due to a conver-
gence in egg numbers among host levels towards the
end of the season (Fig. 1A), when most eggs had
probably eclosed and oviposition activity had ended.
We found a significant host-time interaction also for
first instar larvae (Table 1b). Larvae were more abun-
dant on C. spinosissimum in contact with A. alliariae
than on both other host levels (Fig. 1B). Almost no
difference was found between A. alliariae and isolated
C. spinosissimum (Fig. 1B). The host-time interaction
was mainly caused by a divergence of the larval num-
bers between C. spinosissimum in contact and the two
other levels in the second count (Fig. 1B). Interestingly,
in August we found numbers of larvae on A. alliariae
that were higher than the numbers of eggs counted on
the same plants in July, whereas for C. spinosissimum,
both in contact with A. alliariae or isolated, this rela-
tionship went in the opposite direction (Fig. 1A, B).
These figures indirectly show larval migration towards
A. alliariae and larval mortality on or dispersal from C.
spinosissimum.
In 1997, we found the same patterns as in the year
before. The host-time interaction for egg number was
again significant (Table 2a). During the whole season,
more eggs were found on C. spinosissimum in contact
with A. alliariae than on the neighbouring A. alliariae,
and more on C. spinosissimum in contact with A.
alliariae than on conspecific plants growing isolated
from the latter species (Fig. 2A). During the peak of
oviposition activity, between 22 July and 9 August, eggs
Table 1. Repeated measures MANOVAs for egg and larval
counts on all three host plant levels during the summer 1996.
Data were square root-transformed before the analyses.
Source of variation df MS F P
(a) Eggs:
Host plant 2 4.109 11.504 0.0001
Residual 177 0.357
Time 0.000119.5004.8611
Hosttime 2 1.530 6.137 0.0027
Residual 177 0.249
(b) First instar larvae:
Host plant 2 0.127 2.557 0.0804
Residual 177 0.050
0.0001Time 1 1.125 24.956
0.0482Hosttime 2 0.139 3.084
Residual 177 0.045
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Fig. 1. Interaction diagram for
the effects of host plant species
and time on the mean number
of eggs and 1st instar larvae
per plant during the summer
1996.
were approximately 15 times more abundant on C.
spinosissimum than on adjacent A. alliariae within
mixed patches (Fig. 2A). In the same period of time,
eggs were between 3 and 5 times more abundant on C.
spinosissimum in contact than on isolated C. spinosissi-
mum (Fig. 2A). These differences disappeared only
towards the end of the season, when the oviposition
activity approached its end (Fig. 2A).
The larval distribution, too, confirmed in 1997 the
results of 1996. In 1997, we found significant interac-
tions between host levels and time for 1st and 2nd
instar larvae (Table 2b, c). For both larval stages and
during the whole experimental period, abundance was
higher on C. spinosissimum in contact with A. alliariae
than on both other host levels (Fig. 2B, C). For third
instar larvae, host plant had a slightly significant effect
but not the host-time interaction (Table 1d), showing a
higher larval abundance on C. spinosissimum in contact
(mean number per plant: 0.09290.035) than on A.
alliariae (mean: 0.01790.012) or isolated C. spinosissi-
mum (mean: 0.02590.014). No significant differences
between the three host levels were detected for 4th
instar larvae (Table 1e). Similar to 1996, in 1997 more
larvae than eggs were present on A. alliariae, with 1st
and 2nd instars constantly more abundant than the
highest egg numbers (Fig. 2A, B, C). Thus, larvae must
have migrated towards A. alliariae plants. Again, as in
1996, the opposite happened for both C. spinosissimum
levels (Fig. 2A, B, C), showing effects of larval mortal-
ity on this plant and:or dispersal from it.
Effects of host species proportion and patch sizes
In 1996, the numerical proportion between the two
hosts within mixed patches had no influence on either
egg or larval numbers in the comparison of A. alliariae
vs C. spinosissimum in contact with A. alliariae (MAN-
COVA for eggs; proportion between host species (co-
variate): F1,1170.629, P0.429; host species:
F1,11718.8, P0.0001, time: F1,1171.22, P0.271;
proportion time: F1,1170.138, P0.711; host
time: F1,11712.9, P0.0005. MANCOVA for larvae;
proportion between host species: F1,1171.51, P
0.222; host species: F1,1173.58, P0.0610, time:
F1,1170.812, P0.369; proportion time: F1,117
0.425, P0.516; host time: F1,1171.96, P0.164).
Mixed patches were on average significantly larger
than pure C. spinosissimum patches (mean total number
of plants per patch in 1996: 31.2893.088 in mixed
patches, 14.5591.467 in pure C. spinosissimum
patches; t-test: t4.89, df118, PB0.0001). In 1996,
patch size had no effect on either egg or larval numbers
in the comparison between C. spinosissimum in contact
and isolated C. spinosissimum (MANCOVA for eggs;
patch size (covariate): F1,1172.59, P0.110; proxim-
ity with A. alliariae : F1,1174.49, P0.0362; time:
F1,1174.04, P0.0468; patch size time: F1,117
0.625, P0.431; proximity time: F1,1172.23, P
0.138. MANCOVA for larvae; patch size:
F1,1170.144, P0.705; proximity with A. alliariae :
F1,1173.03, P0.084; time: F1,1175.53, P0.020;
patch size time: F1,1170.0570, P0.812; proxim-
ity time: F1,1173.88, P0.051).
Egg survival on A. alliariae and C. spinosissimum
The first trial did not result in any effect of host species
or of its interaction with time on egg survival (host
species: F1,190.240, P0.630; time: F18,34223.9,
P0.0001; host time: F18,3420.652, P0.581).
Trial 2 shows a significant interaction between host
species and time (host species: F1,174.02, P0.0610;
time: F18,30617.6, P0.0001; host time: F18,306
2.75, P0.0478). Eggs laid on C. spinosissimum had a
higher survival than those laid on A. alliariae (Fig. 3B).
A consideration of the egg survival curves reveals a
very interesting pattern. The significant host-time inter-
action of trial 2 was mainly due to an abrupt drop of
the numbers of eggs present on A. alliariae after 5
August 1997, the 4th experimental day (Fig. 3B). A
similar drop in egg numbers also occurred on the A.
alliariae of trial 1 on the very same day, which corre-
sponded to the 9th day of this trial (Fig. 3A). Such
dramatic decreases in egg numbers did however not
occur on C. spinosissimum (Fig. 3A, B).
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Discussion
Our data show that, within the study population, O.
elongata laid more eggs on C. spinosissimum than on A.
alliariae and that more eggs were laid on those C.
spinosissimum plants that grew in close proximity to A.
alliariae than on those growing isolated from A. alliar-
iae. Intraspecific host variation in oviposition was
therefore correlated with the proximity of a second host
plant.
We do not know of any other investigation showing
that the proximity of a less preferred, but used, host
influences the probability of receiving eggs by the pre-
ferred host. In a field study of the butterfly Euphydryas
editha, larvae hatched from eggs laid on individuals of
the food plant Plantago erecta that intermingled with a
second food plant species had a higher survival than
larvae hatched on P. erecta far from the second species
(Singer 1972). Larvae benefitted from switching to the
second host because of the earlier senescence of the first
one. However, the degree of proximity between the two
hosts did not seem to influence oviposition on P. erecta
(Singer 1972). The importance of proximity between
host species has also been shown for the grasshopper
Schistocerca americana in the laboratory, when an in-
creased distance between two food plants resulted in an
increased growth rate variability among individual in-
sects (Bernays et al. 1997). Several insect species profit
from mixed diets, suggesting that ovipositing in mixed
host patches would be advantageous to them (e.g.
Singer 1972, Barbosa et al. 1986, Bernays et al. 1994,
1997, Ha¨gele and Rowell-Rahier 1999; review in Wald-
bauer and Friedman 1991).
Do oviposition patterns show host preference?
We think that the differences in egg numbers between
the two hosts within mixed patches reflect an oviposi-
tion preference by O. elongata for C. spinosissimum.
Since, within those patches, we investigated A. alliariae
vs C. spinosissimum individuals that were growing adja-
cently to each other, the conditions for the beetles to
choose between hosts (encountering both hosts) were
met (Singer and Thomas 1996). Our result was not
influenced by variation in host patch composition (dif-
ferent proportion of individuals of each host) that may
have influenced host encounter rates within patches.
Moreover, the between-hosts difference we documented
in egg survival was too small to explain the difference
in egg abundance between the two host species. Such a
strong preference could not be expected a priori be-
cause adult O. elongata females do not seem to feed
preferentially on either host in the Petit Saint-Bernard
population (P. Ballabeni unpubl.). Dobler and Rowell-
Rahier (1994) found, in a laboratory study, a feeding
Table 2. Repeated measures MANOVAs for egg and larval counts on all three host plant levels during the summer 1997. Fourth
instar larvae were analyzed with a one-way ANOVA because they were present only at the last count. Data were square
root-transformed before the analyses.
Source of variation Fdf MS P
Eggs:(a)
0.000114.8974.0782Host plant
177 0.274Residual
0.000120.3281.4073Time
0.549 7.929 0.0001Hosttime 6
531 0.069Residual
(b) First instar larvae:
0.00029.1090.3192Host plant
0.035177Residual
0.210 13.427 0.0001Time 3
Hosttime 6 0.054 3.462 0.0059
Residual 531 0.016
Second instar larvae:(c)
Host plant 2 0.329 11.460 0.0001
Residual 177 0.029
3.240 0.0413Time 2 0.069
Hosttime 4 0.105 4.919 0.0008
Residual 354 0.021
(d) Third instar larvae:
Host plant 2 0.028 3.263 0.0406
Residual 177 0.009
0.01136.5560.0601Time
Hosttime 2 0.022 2.380 0.0955
Residual 177 0.009
Forth instar larvae (one-way ANOVA):(e)
Host plant 2 0.003 1.011 0.3658
Residual 177 0.003
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Fig. 2. Interaction diagram
for the effects of host plant
species and time on the mean
number of eggs and larvae per
plant during the summer 1997.
preference for A. alliariae by adult females of O.
elongata from a natural population that lacks A. al-
liariae and lives exclusively on C. spinosissimum,
whereas no preference was found among beetles from
an A. alliariae-only population. However, no previous
investigation had tested oviposition preferences in O.
elongata.
It is not clear whether the positive effect of prox-
imity with A. alliariae on egg abundance on C.
spinosissimum was due to a preference by O. elongata
for patches containing both hosts. Different egg
abundances between distant host patch types may
reflect stochastic processes in beetle or host distribu-
tion, or population dynamics processes, rather than
beetle patch preference (Kareiva 1982, Singer and
Thomas 1992). In our case, however, the differential
oviposition between the two C. spinosissimum types
may partly reflect some degree of preference by
ovipositing beetles. First, a mark-recapture study
showed that, even if adult beetles rarely disperse from
their patch, some dispersers walked up to 60 m
across non-host vegetation (4% of recaptured insects
had left the patch of first capture, D. Conconi un-
publ.). Therefore, the potential for colonization of
our study patches exists. Second, if insects move rela-
tively little between host patches, one may expect that
an increased distance between patches would corre-
spond to a decreased expression of preference for a
certain patch type (Kareiva 1982, Singer and Thomas
1996). Insect densities would then be similar between
patch types. Since we found between three and five
times more eggs on individual C. spinosissimum in
contact than on isolated C. spinosissimum, our data
suggest that some degree of preference may have been
expressed. Third, a source-sink (Pulliam 1988) or
mainland-island (Hanski and Simberloff 1997) meta-
population structure, in which larger patches (in our
case mixed patches) are sources of emigrants towards
smaller patches with higher extinction rates (in our
case pure C. spinosissimum patches), might produce
patterns like the one we found. However, patch size
did not influence our data. Larger host plant patches
have been found to support higher insect densities in
other leaf beetles, like for instance the tropical Aca-
lymma innubum (Bach 1984, 1986).
Fig. 3. Survival of O. elongata eggs laid on A. alliariae vs eggs
laid on C. spinosissimum in 1997. Data points are the mean
number of eggs per plant. The arrows indicate the stormy day
of 5 August.
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The host that was mainly selected for oviposition in
our study is not the host that results in the best larval
performances. In a separate laboratory investigation of
the same population, O. elongata larvae grew faster
when raised on A. alliariae than on C. spinosissimum
and had a higher survival when raised on a mixture of
both hosts (Ballabeni and Rahier 2000). A lack of or a
poor correspondence between oviposition choice and
larval performance has been found in several studies
comparing plant species (e.g. Roininen and Tah-
vanainen 1989, Denno et al. 1990, Fox 1993) or plant
genotypes within a species (e.g. Valledares and Lawton
1991, Larsson and Strong 1992, Brody and Waser
1995, Larsson et al. 1995). The leaf beetle Phratora
6itellinae, for instance, preferentially laid eggs on a
Salix species that caused a reduced larval performance
but provided larvae with a higher amount of seques-
trable salicylates that resulted in higher larval survival
in the presence of natural enemies (Denno et al. 1990).
We cannot completely exclude that, in our O. elongata
population, C. spinosissimum might provide early in-
star larvae with a better protection against predators
and that this might have an influence on the preference
for this host species for oviposition. However, our data
strongly suggest that C. spinosissimum does not
provide enemy-free space to O. elongata larvae for
most of their development, since high numbers of lar-
vae moved from that host to A. alliariae soon after
eclosion. Furthermore, it is A. alliariae, the host that is
less preferred for oviposition, that provides sequestra-
ble chemical defences to larvae and not C. spinosissi-
mum.
Our data suggest that O. elongata mainly oviposits
on the host species that maximizes egg survival, since
we found a higher egg survival on C. spinosissimum
than on A. alliariae. We do not know whether the
between-host differences in egg survival were due to
differential predation or other factors but our data
suggest that the weather conditions were likely to play
a role. We found that a much higher decrease in egg
numbers on A. alliariae than on C. spinosissimum oc-
curred on the very same stormy day in both experi-
mental trials, in spite of the fact that the second trial
was started five days after the first one. Our data,
however cannot distinguish between an effect solely
due to the weather or to a possible arrival of predators
onto the experimental plants on a particular day. The
eggs of O. elongata are laid on the lower side of the
leaves of both hosts and they are truly embedded
among the hairy structures of C. spinosissimum. C.
spinosissimum may therefore provide the eggs of the
beetle with a better protection against predators or
with better adhesion in case of physical disturbance,
such as heavy rain and wind. Effects of hosts on egg
predation has been documented in other leaf beetles.
For instance, eggs laid by Ophraella notulata on I6a
frutescens suffered a higher predation than eggs laid by
O. slobodkini on Ambrosia artemisiifolia but the eggs of
both insect species did not suffer any differential pre-
dation when they were all laid on A. artemisiifolia
(Keese 1997). Leaf morphology has been shown to
influence predation on insect eggs. The hymenopteran
egg parasitoid Edo6um puttleri was more successful at
parasitizing eggs of the Colorado potato beetle, the
leaf beetle Leptinotarsa decemlineata, that were laid on
potato plants with a lower density of glandular tri-
chomes (Ruberson et al. 1989).
We showed that larvae of O. elongata moved from
C. spinosissimum to A. alliariae during the season. This
can be inferred by the fact that, on plants of A.
alliariae, larvae found in August 1996 were as numer-
ous as the eggs counted on the same plants in the
previous month and that in 1997 larvae were more
numerous than eggs (see Fig. 3). Such migration from
C. spinosissimum towards A. alliariae is in agreement
with what we know about larval performances on the
two hosts, i.e. larvae grew faster and developed more
earlier when fed A. alliariae and had a higher survival
when fed a mixture of both hosts (Ballabeni and
Rahier 2000). Furthermore, preliminary data showed
that larvae of O. elongata were able to switch between
neighbouring A. alliariae and C. spinosissimum individ-
uals within the same day (P. Ballabeni unpubl.). The
possibility for the O. elongata larvae of the Petit Saint-
Bernard to feed on a mixed diet, including both hosts,
is therefore realistic. Furthermore, feeding on A. alliar-
iae provides larvae with sequestrable chemical defences
in the form of pyrrolizidine alkaloids (Dobler and
Rowell-Rahier 1994). Thus, by ovipositing on those C.
spinosissimum which grow in close proximity with A.
alliariae, females of O. elongata may allow larvae to
feed on an optimal diet.
In conclusion, the oviposition patterns adopted by
O. elongata at the pass of the Petit Saint-Bernard are
likely to be adaptive since they seem to maximize egg
survival while optimizing larval diet. In order to
achieve this, females oviposit mainly on the preferred
host when it is growing in close proximity to a less
preferred host for oviposition but which will provide
sequestrable chemical defences and a higher quality
resource for larval growth. This suggests that the evo-
lution of a further specialization towards the use of
only one host is unlikely within this population.
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